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K 8643 

COKDCLTlViiy HEAfrlfcG A SURIERRANBttl OIL SHfcLS *JO 
CXfcMCB FERgaBTIJTY AND SSESECUVXaY FBOCaU OIL 

This invention relates to recovering oil. from a iubrbarranean 
oil fibalo by rmmtn of a coxxSuotivo heat drive pmnew, More 
particularly f tho indention relates to treating a relatively thick, 
and substantially ccaplataly inpsiTDeable subterranean oil Rhala by 
•5 ncanfi of a. conductive boating pco^tB which both crates a 

perra&able sane within a selected portico of th* oil shale and 
subsequently produsws shale oil Ixydrocetzbono. 

A p*m»abilify-aic33d type of conductive heat drive ftnr 
producing oil froa a subterranean oil shale wan invented in Swedes) 

10 by F.LJxtngstrusn. 2hat process, which wra invented about 40 years 
ago, was camiorcially used an a small scale in tho l$*ls. It ia 
described in Swedish Patent* No*. 121,131} 123,136; 123 f 137j 
123,138; 125/712 and 126,674, ill united Statu Patent No. 
2,732,193, and in jonmal articles such tai "Gndargrooncl Shale Oil 

15 Fyrolyais According to the Ljungstroao Matfaod*, m \folwne 74 

(1953> No, 3, pagss IIS to I23, and "Net fiusxgy Recoveries For The 
in Situ Dielectric Heating of Oil Shale 11 , Oil Shale Synposiun 
Proceeding* 11, paqat .11 L to 330 (1978). In the Swedish pxocaea, 
l'<eat injection walla and fluid producaug wells were ocoplated 

20 within a penreahle neaz*-*urfaco oil ahale ftmnatian 90 that there 
was Loss than a threa-awtre separation batsaaan the borehole*. Ihe 
>iaat injection wells were equipped with eJjactxAcal or other heating 
oloraoirts Which wore smnooundad by a raws of material, such as sand 
or oanant, arranged to transodt heat into the oil shale while 

25 preventing any inflowing or outflowing ox fluid. In the oil shale 
fox which the ffrortJsh plumes was designed and tested, tha 
paxrneahUity was such that, due to a mnH ii u.na inflowing of ground 
water, a continuous pcarping-oot of water was needed to avoid 
wasting energy by evaporating that water. 

30 With xvapact to .eubataritially conpletoly lxpennaahle, 
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r«J actively duap and relatively thicX oil shale deposits, such us 
those vn the Piceance Iiw.n in tt* Unitei statoe« the poefoMlity 
l>£ utilizing a conductive heating prooe»» for pKodocinq oil Kas 
previously considered to be — aooarding to prior toaebingii and 
beliefs — errwiomically unfeasible. For u&vpia, in the 
above- identi fisd Oil Snalii Syuposvua, the Ljun^atanown process, iu 
characterized cm o proaass which ".^succeesiully reoouenad ?3hale 
oil by fofcedding tubular electrical heating elanaits within 
hicjh-qratie shale deposits. This meuhod relied on ordinary thermal 
diffusion for ahaJ.e basting, which, of couree, requires largu 
tenpenratAiro gradients, mis, hmting <«&s wry tnjn-unifcanoj noatho 
ware required to fully retort, snail room-size blocfce of nhale. 
AlsOr ituch bast energy was wasted in undcrlusiting the chale rcgirra 
beyond tha perdjphary of tba rertrrrtjpg zan& and overhearing tho 
shale closest to tha heat source. Tte latter problon iH especially 
iit*x*rtant iu the coam of Tfcwtem shales r since therm! tsierqy in 
overhuatad zone*, cannot be folly recovered by diffusion dno to 
cudothorodc reactions which take place above dbout $00 °C* fpw?e 

In substantially ia^erneable types of relatively thick 
subterranean oil skald farnatioos, the creating and OMuntiiniog of 
a pcjcraccdxLe tone t:hraugh vhlch the pyrolyais products can be flowed 
haa been found to be a severe problem, in patent Kb. 3,468,376, 
it is stated (in cols. 1 and 2) that "there are two wcchariiaHa 
iiwoived iu the transport of heat through the oil ohale. Heat is 
transferred through the solid mass of oil shale by conduction, 
boat is also transferred by convection through the solid trass of 
oil shale. 5te transfer of heat by conduction is a relatively alow 
prcora. The average Chernttl conductivity and average tfeercoal 
diffoelvlty of oil shale are about those of a firebrick. The matrix 
of snijd oil shale baa an extremely low perxeabiltty nucb lite 
ungluted porcelain. As a xt»»ult r the conrcctive transfer of heat ia 
liaitad to heating by fluid flows obcaincd in open channels which 
traverse tfta nil stole. 'Jbea* flow channels may be natural and 
artificially inn Y icart fractures. ... On heating, a layer of 
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pyrolyzwd oil dial* builds adjacent the channel. T3d* layer i.a on 
iixtfganic winsral matrix which contain* vrazyi.ng ctegroes of carton. 
Hie layer is an evcr^xpanding harrier to heat flew from the 
heating fluid in the choanal." fte patent is directed to a process 
for circulating hasted oil lihale-'pyirAyzing fluid through a 
channel while adding abrasive jtfirticlft* to U» circulating fluid to 
erode tha layer of pyruiyzed oil shale bairej fonred adjajnent to tJto 
channel. 

Although tha thermal conductivity and thooml diifcwavity of 
many subterranean oil shales are, in fact, relatively aw&Uax to 
ttaso of unglaxed porcalaio and firebrick, V8 Patent Ha 3,237,689 
poatuLatos that "a rapid anVenca of a Jwat front- (Col. 3 f line 7) 
can be obtained by exchanging beat between the oil ahale and. a 
nuclear reactor celling fluid and describes systems for uning such 
reactor* either located on the earth's surface or in the oil shale 
deposit. 

OS Patunt Nb. 3,2M,281 eey* (at Col. i P llnae Ml), "The 
production of oil from oil shale, by hM»fng tha shale by various 
cnaane such as ... an alATfcrioal rwriatansq heater . . . has been 
cittaotipted vdth little aocce**, , ♦ . Fracturing of the shalo oil 
prior to the application of heat thereto by in situ coccus tion or 
other means has bean practised with little success »i»^>ct the 
shale swaJJ.3 upon luxating with consequent partial, or oceplete 
closure of the fracture*. Tha patent describee a ***** of 
sequentially heating (and thus stalling) the oil shale, thee 
injectio? fluid bo hydraulicmlly fracture the swollen shale, then 
repeating those stepe until a hoat-stahla fracture has bean 
propagated into a praiwtion wall, 

US Patent Hb> 3,455/383 describee the aoranm1at.1ai of 
partially cfepLeted oil ahale firapnats within a flow channel such 
as a hori zont a l frecturo being held open by -the la- e aame of the 
fluid within the channel. The patent discloses that if the channel 
roof is UXtod to wdntain a flew path above such a layer of 
depleted shale, the overlying formntinna namt he bent and, without 
pi^cautionc, will bard to an extent cauaina fractures to extend up 



to tha surface of tfaa «axth, tttc patsot Id directed to a process of 
iDtAxmittftniJy reducing th» pressure on the fluid vi thin such aa 
fracture to allow ths weight of tiia ov€ocbarden to crush and compact 
the layer of depleted shale- 
5 rn a significant portion of substantial J y iaponasabla aivi 

relAtivaly thic* oil shale- deposits,, such aa those in tfaa Pioaance 
Basin, a valuable reaouroa of aXimniiaa is present in the Iota of 
aawsanita. In us Patent No. 3 r 3S9,97S> directed to recovering 
alinmnina value* fron retorted oil ahalas *h1ch hz*a baan rained out 

10 fron «nch deposits, it la pointed out that, In a substantial 

absence of water* at tttjierabjres of about U00 °? the daubooitQ is 
ouit voc ta d to crystalline aodiian alxncinato. Such a water-free 
retorting can daoenpoea doLauifce is the shale, to produce carbon 
di o x i d e , calcitc, and inaartesiuJD oxide so that naqpcaiuao oxide 

]S conbinas with part of tha silicon dicodda in tha shale, in a xnannar 
pomltting a higher reocraary of tha aluminium valoaa by a " Lppc^ lf? 
process. OS Botent Mo. 3, 502 f 372 r directed to utilizing eolation 
Tmmog to recover d^ueonitae* indloataa that where tha pyrolyais is 
effiacbsd toy an aqueous fluid, rach a* ataam or the pronNrrta of 

20 undargrooDi costusfcloe, it xmet be conducted at a low tanperatura 
and tlnw mlativaly Blowly, to avoid converting the dowaraoita and 
othar soluble aluminioa ainfeoum tm to an irwoluble material such aa 
a»alcdta« In US Patent Ho- 3 ,572,838, a similar relatively low 
tenqperature pyrolyai a la alternated with infections of an aquaoua 

23 aDcaline fluid containing an acidrinaolubla chelating agent to aid 
iii leaching dsaraonite without fozriog such insoluble materials* 

Th» present invention relates to a process foe condncti*ely 
heating a anbtozxanean oil shale formation in a natnar ammg ed tor 
producing oil froa a aubUmd pean oil shala va\ioh ia r 

30 initially, robstanttMly inoanrsablA. m accordance with this 
invention/ tha portion of oil ahaLt deposit to ba Um a ted ie 
selectud, on tha basis of the variations vith dapth in tha 
ccKBoeitlon an properties of its ocejponantSp to have properties 
capable of intacoeting in a manner which enhances the tmlfbranity of 

35 the heat fronts to an extent 1 uniting tha tins and energy 
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expenditures producing the oil to values equivalent to less than 
the v*iue of the oil which 1* produced. ?ho selection of the 
treatment interval is based on the grade and thickness of the 
portion of oil shale deposit to be treated end the enhencottent it 
provide j amounts to re duo tog the amount of heat energy loet doe to 
exothermic side reactions and increasing the amount of oil 
recovered from a given grade of oil shale* 

In accordance with this invention at Least tvo veils ere 
completed Into a subterranean oil abal< treatment interval which 
lft substantially lnparmeable, contains substantially no uoblle 
water, is at leant about 30 m thick, is capable of confining fluid 
at process pressure, at least substantially within the treatment 
interval, and contains a grade aod thickness of oil shale such 
that the average grade Id gallons of oil plus gas equivalent per 
too by Fleoher Airaay la «t least about 10 and the product of the 
grade time*, the thickness in metre* of the oil shale is at least 
aft out 900. 

Thus, the present invention provides io a process io 
which oil is produced froa a subterranean oil shale deposit by 
extending ac least one each of heat-injecting and fluid -producing 
wells Into the dopoait, establishing a heat-conductive fluid* 
impermeable- barrier between the interior of each heat- in j acting 
well and the adjacent deposit, and then heating the interior of 
each heat-injecting well at a taaperatuxe sufficient to 
couriactively heat oil ahale herogeo and cause pyrolyaie products 
to fersi fractures within the oil shale deposit through which the 
pyrolysis products are displaced into at least one production 
well, an improvement for enhancing the uniformity of the heat 
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fronts aoviog through the oil shale <t ft po«it, which comprises i 

determining variations vith depth m the composition and 

properties ot the oil ttuu deposit; 

completing said heat-injeotlag end iluid-pxoducing keiia 
selectively into a treataent interval of oil shale in vbich 
the oil shale daposit (a) is at least about 30 u thick, (b) 
ie substantially impermeable and free of mobile vater, 
(c) hae a composition and thickness such that the product of 
10 the average fischer Aasay grade times the thlcfccess o£ the 

treatment interval is at least about 900, «nd <d) thereby 
contains components capable of interacting, in a manner 
enhancing the uniformity of a front of conductively 
transmitted boat, with said wells being arranged so that, 
at least substantially throughout said treatment interval, 
the veil boreholes are substantially parallel end are 
separated by substantially equal distances of at least 
about 6 id; and 

within, the Interior of each heat-injecting veil maintaining 
20 an average temperature which, selectively along said 

treatment interval, is at least about 60Q°C, bat la not 
high enough to thermally damage equipment vlthln the well, 
vhile heat la being transmitted, avay from the veil at a 
rate not signif ieaatly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the veil. 

in a location in vhlch a subterranean oil shsle may 
contain portions vtoicb axe generally suitable for ase es a 
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treatment interval (as described above) but are ape to be 
permeated by substantially disconnected natural fractores andvor 
Plants of weakness as wall as being located iiaar boundaries of the 
oil recovery pattern and/or near a potentially activa aquifer, the 
operation of the present process can advantageously b« combined 
with a use of "guard valla 11 located near the periphery of the oil 
recovery pattern and/oc between a production wall and an aquifer. 
Such guard veil* are extended at least substantially throughout 
tba vertical extent of the tree Una at Intervals and the adjacent 
formations are initially heated by therual conduction in a Banner 
similar to that eaployed in tba heat- injecting veils, except that 
the guard wells are heated at temperature a which are too low to 
gasify significant proportion of the oil shale organic coBponenta 
but are high enough to cause a significant tberoal expansion of 
the rock matrix of the oil shale deposit. 

In sone instances, It tarn? be desirable to maintain each 

a 
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relatively lw t a su v a inm re guard well tooting throughout at least a 
substantial portion of tha shale oil reoovery process. In otter 
instances, aftur an initial relatively lew teogxnratura heating of 
tha guard MellSi it may ba o&antageeua to heat guard well* ut 
3 about tha twrperacur« Delected for the teat-injecting walls, in 

order to expand the pattern of wall* fro* vhich oil is displaced by 
thermal conduction. 

as used herein xegaxding the grade of the portion of oil shale 
to be treated* the "average grade in gallons per too by Fischer 

10 Assay" refers bo the following* tha dahamri nation in or U 

equivalent to a determination conducted substantially an d-i*criJbed 
is tha tS&BA Standard Test Mrtbod 11 3904-60. Crushed raw stasia ia 
*anqpled by riffle-splitting, the aetemdnation of tho amount of oil 
plus gee equivalent available* frao ail sha3e ia made by heating tho 

13 raw shale from anfeiant ceaperaturc to 500 *C in cast aiumxninie- 

alloy retorts. The vapoura distilled from tho sample are cooled and 
the oondeneed fraction ia collected, The oil and water fractions 
are separated, the rater velum (converted to weight equivalent) is 
nraasored and snhtraefced from tho oil plus *atsx weight. Vhe weic^t 

20 of incondensable oases evoLved <gae-plus-los») is then calculstted 
hy difference. The grade, os used in the "grade times thickness io 
metres of oU shale* product, is the gallons of oil plus 
liiydrocarbon gee equivalent corresponding to the total weight of nil 
plue hydrocarbon gas evolved by the treating, 

25 Tha valla are completed into the treatment interval and ar« 

arranged to provide at least one each of beat-injecting and fluid* 
producing walls having tcxeholos which, scbetantiaUy throughout 
the treatment interval, are substantially parallel and are 
separated by substantially equal (Ustenres of at least about 6 nu 

J0 Io each laot^irrjecting veil, substantially throughout the U e alue a U- 
intcrval* tho weli-surxoending face of t*e oil shale fbuiuti on is 
sealed vith a solid satezlal and/or cement which is relatively heat 
octtdootivw and substantially fluid iaperK*efola+ In each tluid- 
producing w»12, ecbetancially throughout tho UeeUsnl interval, 
fluid POTTttTM ration ia *abablisbed bofcueon the well borehols end 
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tho oU shale fGonaatlco anJ the «eU i3 arranged lor producing 
fluid iron the oil shalo forraaticsn Ttie interior of each, 
heat- injecting wOl is boated, at least BnfcwtanHaUy tiicoughcut 
&jie trcatawnt interval, at a rate or rated r«y«*»im of (a) 
3 increasing tha ta u^eiatu rq within the borehole interior to at lease 
about 600 *C acd (b) naintaining a borehole interior innperature of 
at least about 600 °C without causing it to becom high enough tn 
thcxwally daraaga equliroeat within tha borehole while the rate fct 
tftich boat i& generated in the borehole ia ssbetantf *3 2y eqiml to 

10 that perndcted by the heat ccwrfectivity of the oil bhal* 1'oi i rBti on. 

In a preferred eabodiaent of the present process, the. arterial 
for dealing tha face of the oil shady frm i mt inn along Che borehole 
of at least one beat-in^arting well la a closed hottna rasing 
fronted by ccanirrt ar ra nged to fiU substantially all a£ ths spaoe 

1 5 bataaen each outermost mitnllic' eleoent present; vlthin tfao intoriox 
of ths tarehol* and the adjacent face of tha oil shale forrmtian, 
with said cement hiving a thenm! ccodnctivity at luast 
ettetantlally a* high as that of the oil shale fionnatian. 
OetaKnanatians are made of variations with depth iu the 

20 cxxopositicci and propaxtle* of the oil shale deposit and, is a 

particularly preferred procedure, based on tha variation Kith depth 
in the heat a»ductivity of the oil stale deposit, tha heat- 
injecting veils axe Ideated so that relatively higher eenperaturos 
are applied art depths adjacent to portions of tha oil shale deposit 

25 in uluch the beat conductivity is relatively lev. In addition, or 
Alternatively, in various situations, the effective radius of at 
least one beat-in jesting weU is increased by creating an hjhhuT?j1 
portion of the well boxohole and attending beat-conducting metal 
elements £ron within the heated veil interior to near the «all of 

30 tlm expended portion of tha borehole* 

the peasant process is valuable for use «dthin a treatment 
inteirval of oil shelii which contains other valuable idnerals such as 
dawsonice and/or nahoolite, Tn such a situation the pxos&nt pnonecg 
creates a perxrabla tone which ia selectively Located, within the 

33 treatment interval and substantially within the boundaries of tho 
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vpZI paitorfc uznd ±dr the ail prociietiacu lbs resultant pcnaoable 
Tram j.s a zona £ron which snch other mineral* can fca aniDt ion- 
mined* 

In g-oeral, the present invention is applicable to 
5 substantially an/ &2btcrroa>aan nil Ahal* deposit containing on 
interval of substantially lopexxn&sblft oil sha]« which is 
subacaittially free of mobile Kaeer, is sure than abnut 30 ra thirfc, 
and has an adequate ousragB grade In gallons per tm (Pinter 
Assay) to give a gradQ-thktaes* product ot about 900 or greater * 
10 The average grade of the heated interval should be greater than 

about 10 gallon* par ton (Fischer Assay) . Within than lfmiaUons, 
a higher grade- thickness product i.s increasingly desirable if other 
condition* such as depth rccain tha sane. 

Ths invention will new be explained in greater detail with. 
(3 reference to the aooenpanying drawings, in whichi 

Figure 1 shows a plot of relative rate of return (BR) for 1982 
US dollar* in ves te d in insralUnq aod operating tte prccoas of tha 
present iiwantioa, as a function of oil shale grade*-thicfcncsa 
(GOTH product/ to produce shale oil at its 1982 value, 
2<j Figure 2 illustrates a plot of thermal profflftfl at an 

observation veil regarding teft^eraturea measured at different 
depths (D) and time* within that vail. 

Figure 3 is a plot of the radial thermal profiles at the 
middle of a heated rone alter different tinea of heating. 
25 Figure 4 is a plot of eternal conductivities parallel and 

perpendicular to tha tedding planes of an oil stale as a function 
of teepcraturs » 

Figure 5 is a graph of Fischer Assay yield with dspth (D) in 
and aboro a hasted portion of suocerrarisan oil shale. 
30 figures 6 and 7 are plots of horUomal and vertical 

tanpacature profiles within a hsatad portion of afcbsrxaraan oil 
shale fotnatlort. 

Figure 9 is a echeentle illustration u£ a pnrHnn of a *»3X 
caqplotion errangevertt suitable for practising tha peasant 
35 iiwention. 
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*»n paiterh us** tor the oil pros&eticeu The resultant permeable 
zone- j.a a zoocw fxccn which aoch otter minerals con ha anlntiorv- 
jidned* 

In geoaral, the preeent iiwntion L3 applicable to 
CT ihctn nt ially any akterraneon oil .ihal* deposit containing an 
interval of aubatanHally infexn&able oil shrOa which is 
subacantially £rco of rohile vacer* Is rtocfz than about 30 xu thick, 
and has adequate overage grade In gallons per tiuo tFiaeher 
Afifiay) to give a greda-thteknee* product of about 900 or greater, 
the average grate of the heated interval should be areatear than 
about 10 gallon* par ton (Fischer Afifiay) , Within than lirattaUonc, 
a hio>iar grade- thickn&ee product ie increasingly aeeirable if other 
condition* such as depth rCDoain tha ease. 

The invwxfcim will new be explained in greater detail with 
refeiwxw to the accompanying drawings, in wMchs 

Fignca 1 shows a plot of relative rate of return (BR) for 1982 
US dollar* in ves te d in installing and operating tto pxocoee of the 
present imtentigo, as a function of oil shale grade-thlckaess 
(GX2H) product, to produce ahale oil at its 1982 value* 

Figuxe 2 illustrates a plot of thermal profiles at an 
observation wall jwgarding temperatures caeaeared at different 
depth* (DJ and tuns within that wall. 

Figure 3 is a plot of the radial thermal profile* at the 
middle of a heated zone after rU fflaia ii L tinea of heating. 

Figure 4 ie a plot of therml ocoaductiuitie* parallel and 
psrpaRdioular to the Deciding planse of an oil stale as a function 
of tcspcrature. 

Figure 5 is a graph of Tlacbar Aaeay yield with dspth (D) in 
and abov© a heated paction of euboerrabeen oil rtel*. 

Figures 6 and 7 axe plate of horUomal and vertical 
tenfaacature profiles within a heated portion of subherraraan oil 
ohale foraation. 

Figure 8 ie a echeaertio illustration of a pnf inn of a weJl 
ccopletion arranojetvnt suitable for practicing tha present 
invention* 
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car aand, bjtrosptrosa taaetes ehat tha in *itu heating Mid 
pyroly*ing should ho dona in a portico of the ijcpanmablo fonortion 
which is vertically raontiguoua to a veil- bxtuz cunnacfciDq fracture 
or a layer which hos different gaolooicai character and ia 
permeable to flew of the fluid product* of the N^+ing or 
pyroiyaia. 

Contrary to tf» implications of such prior tAschiry^e aitf 
beliefs, applicants ciiacovarad that tha presently described 
conductive haating process is oooncraicftUy feasible for uf» in a 
substantially impermeable subtexranaan trU ahila* This io not 
obvious, particularly in view of tte fact that tha present process 
uses a ouch larger well spacing than that used in tha Swedish 
process and tha present process ia conducted by heating the 
in jaction veils to tanfaratures of at least about GOO *C JaltboDgh 
WO *C has been said to by conducive to an accnoBiciUJy untenable, 
heat-wasting, enebt^eznie reaction^ see tto Oil Sh&Lt 9vapQsauiz 
Proceedings mpntlnmerl above) . 

By means of laboratory and field tost svasuronenea and 
laathanaitwail mortals of the present prcoaas r applicants have found 
that whan tha ^mXZs are fip ao nd, cocpietea, and operated 
presently <fc«£ibed, the only region in vihich neat energy ia 
utilized in an endotharmic reaction aneunt* to leas than about It 
of tha araa to be heated, and tha energy lost in that fashion ia 
insignif leant- Applicants have ueasarad the rate at which 
substantially iiceonoaabla oU shaie fooaatiana an heated by 
conductivity, and have datarfldned tha amount of boat required for 
pyrolysino; karogan and therraOly pxassuri^iog tha pyrolysls 
products to pressures capable of fracturing a relatively oil 
shi-t* fcttnatlon add tharaally displacing pyrolyvis prodncta through 
tha ao-created penseability, 

Tha data obtained by such Qeaaareaents in the field and in tha 
laboratory ho* bean employed in calculations of power rsouiro- 
menta, eccnam£cft f turn to start proc&ctioii, project AiKiticn* 
aacmt of production^ etc*, in rathenatioal sinulations that 
oorrelata with tho fiaid and laboratory data and irHimra the 
aagrdtadea of such factors io respect to a full seal* process* 
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Tfcoee calculations indicate that tha presently defined procew i» 
tha only ahaln oil. production prxxr^a of which cijvlicantss aro encore 
which is capable of ccararacaily obtaining oil Crcft a relatively 
low grade oil whale tonnatifjn, socfc as era in which tha Fischer 
Assay 33 only ii gallon* or less per ton. Thim capability can 
Increase tha petrol wn of a aiqnx flonnt proportion of 1±« 

oil shsilo land* by a ieutox of six. In addition, with respect to 
processes for uwfctrgrom^d mining and audi tied in situ retorting oi 
oil -nhnJe, the preaent procee* eignifionntly incxeaeco the anount 
of available resource* by eliminating the naod tor export pillar* 
and iotorburdsn between orijiing zona* and by providing a means for 
treating substantially all of a very thick interval of oil shale. 

Tha present process can adrant-ageotmly ba applied to ao oil 
abate formation in which there in significant ocn ignUa tioa o£ a 
mineral such as aascoantte or naboolite. In such a formation tfc© 
prose** provide* a perncabla zone from which such a mineral can be 
recovered, in addition r the present process ia particularly 
advantagaens in cccvarting d&veonite to wator -soluble cccpounda of 
alummiuoi (ptxbably rhc-alrxnina) uhich have been (both ctendcally 
and physically) nade available for solution-arining to prodnca the 
aluminium — an eeeentlaJl notarial which is in short eupply vitbio 
the Unitad States. Id contrast to many previously propped 
ponocessos, the process of the present invention requires sub- 
stantially no fester, iiwolvaa sdnual lard disruption, and con ba 
conducted with minimi atmospheric pollution. 

Figure 1 above the relative race of return for 1382 US dollars 
Invested in installing and operating the ^esmt proem in field 
applications that have boon aartfasaetically aodelled fro* dote 
obtaiimi by field aod laboratory aaeutBrxnertts. 

WiMFLE 1 

h K*riea* of injection and production walla is drilled into an 
oil shale fbrxution 4B n in thickness with 120 a of overburden. Tfce 
average oil grade of the interval is 20 gallons ywr ton as deter- 
mined by fleeter Asaay* 

TSem well pattern ia a seven-spot with each heat injector at 
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ths comer of a regular hexagon surxojnding a control proAjcajig 
wall* The spacing is 22.5 & between producers and injector a. Sbs 
pattern repeats with producers Coring tha ioj«ctnre in eacb 
direction and continues Co torn & tield-vida pattern enable of 
5 procteiag a large quantity of oil; Ifce injector- tr^prnJucnr ratio 
apfroachas 2 to 1 in a large field. Tn fbarsplo 1 the total oil 
production is 23,000 buccals par cisy throughcut the li£u u£ thu 
project. 

tifte injection wells electrical haatars am oarasnted into the 
JO faraation and onnna-tafl to a power souroo on tfaa snrfsce. Iha 
production walls axe oc&Jlpped.with standard oil field puspu for 
lifting the produced oil to the surface* l%\a electrical injection 

e 

rat© is 3*23 x 10 WUA»U per day. Thd tertcaratnre of the 
injectors attains 750 *C* it» production wells reach a terxdnal 
15 tenprerarure of 300 *C after 33-34 year* of cpertrtlflD. Production 
over this period auexagej S-6 barrels/day par wall, with the 
avorago auabat of active predating wells tela? firoa about 4000 to 
5000, float ooDSUsption is 1*1 x 10* lutf/barrel of Liquid oil 
prafanfrinru 

20 Gasfous products collected fro* the jro^cticn veils ray be 

atfsd far on-sits generation of electricity or otnsr pazposaa. lbs 
oil-phaao potrolcm. Which is so yiodooad is superior to con- 
ventionally retorted shale oil. Ttoa relatitfa rata of return which 
oan bo expected from the J&wepie 1 citofttion is illustrated by ths 

?.5 "EX- 1" alt-ivrHcp designation on Pignre 1. 
2 

A aeries of injection and production Molls are drilled into an 
oil shale fonwrtion 225 m In thickness with 300 n of overburden* 
Tha avacags grade of tha oil shale inberval is 26 gallons par too 

:*0 an deterainad by Fischer assay. 

Tha well pattern is the asms seven-^ot oaocribed is Hxanpla 1 
except tha spacing is V3.5 a between vails instead of 22.3 m. Tbtal 
protection is 25,000 barrels/day txooqhout the Ufa of the project, 
the injector to producer ratio still jr^onoachee 2 to 1 ♦ tn tha 

35 veils i the heaters and production etjilrasmt are sisilar to those 
described in teanpla 1. 
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friectrioal injection rate is 10. S3 x 10 6 BTOAall per day. 
TVu iniacti^n well tcnporatuzes rwach 7 SO *c and the pmuuctir*> 
wella roatA a final tcnpcratura of :uk> »c after a production life 
oi 9-10 year*. Production amr this period avamga« 42-d 3 
barrels/day per wull, with the average r&ukjur o£ active pnartnang 
wells being about 600. On* heat ccnsuiption Lb is, 6 v 10 5 WWbarrel 
of liquid oil prodbeccL 

Ae in fc rmple r, gaseous products can ba usad for oor-isitv; 
power gciiorjtii2D or other purposes and tha liquid produce vsjj )x> 
higher in quality than conventionally retorted shala oil. Tha 
reiotivta rat* of return trtiich uao ba expected is illustrated by the. 
"EX. 2* fiituotion designation on Figure 1. 

table 1 liftta ccTrbinattorm of oil, shale grade*, ttuckneseaa 
and grade^Chictaoc* products -i^hich axe generally auitanla far w» 
in the preaanb process* ltm lmintive position* of such grade 
thictaofc* products vith respect to tha xmlative rates of financial 
retaxzi are illuatrsatAd by the desi^atacria "Ptttfarrad Konge" (P.fU 
and "Eapectally Preforred Rau^* fB.P.P.] on Figure 1. 



TTfflLB 1 

cfoarte (gailooa/trm) O uxtoesc W Qrada x QJiicfcneae 
30 30 900 
20 45 900 
10 90 900 



M2tti desirable gratis thickness ftt«ro1«>ft ore ?*owx as follcwa: 



Grada fgaUoaw/tan) %frictape» W Qrad* x Thickness 

30 150 4500 

25 60 1500 

20 300 6000 

15 fiOQ 9000 

SO 225 2250 



20 



in general, the higher the grade thicfenaaa product the more 
ctawixuble. Vtm practical application io United only by the ability 
to hoot the daaired interval. 
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Field Vnzl Itoaguflamanta 

Iteata ware canrtuctad in an coDcrqpping or an oil shale 
fiuiuatioci which is typical ci miwtanciaiiy I^tto^I" and 
relatively thick oil stole dapoaita. Thirteen borcfaolea were 
5 drilled to dssptha between 6 eflfcl 12 m and ia*ra arranged to provida 9 
pattern of beab-injactinn, observation are! fJUrid-proAiction walla, 
with the borehole* being spaced About 0.6 a apart in order to 
provide a relatively rapid acquisition of data. Baat wan injected 
at a rata of about 1000 watt* pax raetrje for five day*. After the 

]0 heat-injection wall temperature hod reached 4 SO *C r a tonpferotura 
faU-o£r test uea run for one day. 

Figure 2 shows the vortical thenal profile* in an observation 
well, as a function of tloo. Zha data wa* fitted to a oath-natical 
solution <Sfeficrihirig the tccqpaxatora diatribotion around a 

13 iHnite-lertgth liny huuji» inside' a ioadiun of tbaxoal caaductivity 
(parallel to bedding) 3. 25 racml/cRMec-*C and thsnoal cordoctivity 
(potrpondLcsilar) noal/at^aac-*^ 1*e specific heat capacity 
utilized in tf» r a l eola tions was computed from the thenoal 
cendoctivity, thermal dtfftosivity , and avaraga bulk density of 

20 cores recovered during drilling of the M&He. The theraopfcyeical 

properties fat: ttoe tba oil (thala in which tba tests warm cc^dncted 
are sunraarizad in labia 2. 



TRBtS 2 



Initial Reservoir TBcaparatnre 9.8 "c 

Fischer Assay j 20 gallon/ ton 

nulX Density 1 2.20 90/cm 3 

•maonal Qiffueivityi 6.6 x 10" 3 cm 2 /aac 

Specif io Heat Capacity: 0.224 cal/gn «C 

Figurv 3 abof* radial profilca conjutad for Che middle of that 
hoatod 2cm for various beating tloe* (t) . At -the end of a 
25 beqpenturo build-up beet of 140.5 hoars, tba average fbtantlOD 
tevpecatuco bot^oaa tba liawlm and observation %Mll tnaa 120 °C, 
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Pigun? A shews a comparison of I nhu uu jr y values *rtf field 
data relative to the thainal oanductivity parallel tn awJ 
perpendicular to tha baddJixj planes of the oil ahnlo fhrnntion, ae 
a function of tmqpara tura. Ihe laboratory conductivity tnoosurcsaenta 
5 were rode on adjacent arepL&a of ceres froo the observation well, 
uxing scroe cores cut parallel to and tswe cut perpendicular to tte 
bedding planum A rvi trogcn-^atliosphere tea used to eliarinatj* 
catidotlan reaction* Tha raraplea *exe constrained In tba vortical 
direction but war* free to expand radially. After the saqplos were 

10 heated to BOO *C ? tha radial axpanaion averaged \.4$%. As cbcwri in 
tha figures, the laboratory values act in axcaXUvrt agreensnt with 
thu valuee a myitert fraa the field data. Tbo tuat* iodicsta thirt 
the thermal conductivity ia lover ir> the direction perpendicular to 
the bedding pl/coa, because karogen layer* have a lower conductivity 

15 than tha dolomite ratrix. AC tenpejcatures below 100 "C, the thareetS 
con&JCtivlty in essentially isotropic, as observed in tbo fiold 
tests. But, that conductivity beoosas increasingly anisotropic, a* 
the Imogen is reaped (at Len p axa Lm. ee between 300 and 400 *C) and 
gau begins to occupy the spaces between the layam. Above 700 °C, 

20 both the parallel and perpendicular conductivity ^mirn ee sharply 
due to the yKtryaxmitijnn of the dolarite and evolution of 00^. 

When a ttirtcrraneea oil shale Carnation ia baartad the oil 
chain expands as the tcngerature increases* flhen the oil shale 
tx&^ur&ture reeches a kerogen pyrolyzing tenqparature {far axaarplo, 

25 fran about 275-325 *C) additional expaxseicn forces are generated. 
Tha ker o gen is converted to fluids capable of occupying a larger 
volume than the ketogan, and soch tXuida becoae increasingly 
pressurised vtan the tcapexature la Increased. As more ffhriri ie 
tanoad and sore fluid ia heated, hydranli rally tadncad tia ui u itts 

30 form within tho oil ehala fiomrtion. 

Fwctwces tfiich are bydraulically Induced within stfttarranean 
earth fbnnatlone £ora along planes perpendicular to the least of 
the three principal ccapreeeive liUeesea (i<e»/ one vertical and 
tso mutually parpenfUn^ar horizontal compressive sUesses ) **iich 

15 exist vithlo any a i d* mi i m ean earth xbrxetion. H u aavei , wbare tha 
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hydraulic fr actons* tend to ho vortical, horiiwntal fracture* can 
be fornaed by injecting heated ttuido go that thm %mllA of the 
vertical fractorco arc heated unrtU they swell shut. Than, by 
Lnctoft&irog the fluid injectiaj pnaaain* to greater than overburden 
pressure, a horizontal fracture can be fanned, such processes Cor 
thermally inducing the fbnwticn of horizontal fractures by 
injecting externally heated and pressurized fluids ate Scribed in 
patent* such as the above m otioned US Patent Ho, 2,284,291,; U3 
Patent Kb* 3,455,391 by C.6. Hattfcwa, v«Tieora and C.w. Vblek, 
wod US Patent No* 3,613,78s by P.J. Cteeaoan* 

applicants have no* dijoaovvred that vta substantially 
j npariTa abJe ma>ee£raa£5an uil dhnlmn having tbc presently spaed £ial 
ccttbinatloo of grade sod thiefcnose wets conductively heated u» 
presently specified., a rone of paanehility ma tfaveicped between 
walla wit ton the oil akmlM. Alttoagh the present invention is rat 
premised on any particular oec&oniai, in the course of such a 
treatment the heated cdl shale behaved a* Uuugb it was subjected 
to the above-rfeecribed type of process for thetssaiy indDdng the 
formation of horizontal fractures. Seen a behaviour was not 
predictable, since the prfcaent process Lb operated without any 
injection of any fluid. It appear* that wfean the preseub pgOQCSS la 
eperattxi within an ixparjneable oil shale, the in adtn generation 
and <E.q>laceracnt of heated and highly pressurized fluids occurs at 
the tine* and to the extents reeded to successively extend and 
horizontally fracture through successive portions of the oil shale, 
when those portions bacon oondoctively heatod. The tone being 
boated appeaxs to undergo a relatively unifena, borxiontaU radial 
expansion through the oil shale, at the rate set by the theml 
conductivity of tha oil shale, in each w.tw eiva location in ^tich 
a Xerogen pyrolyxijig tafqperartura ia reached, fluids xpymr to be 
fnrmed, heated and pressurized ao that anfcataiitially any vertical 
fracturea vfcirfa are fiornad within tha heated zone are subsequently 
cotjVGrtod bo horizontal fractures* 

^Wilcaota* taata indicated that substantially all of the 
fluid pyrolysls products of the oil shale ******* to remain in or 
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neax the lncastiooa in uhlch thay vere fonuad until tttcy were 
displaced, Quiajjh anbetantially hoiiseorual fcscturea, into wlls 
adjoining too hsot-inj acting well*. In addition, the fracture^ 
inducing pressors o£ fluids in ths ]icai2Dntal fractures appaara to 
liavo bun j?edaoed as those flails caqpendad and *exe coolad as they 
moved away froi the, hotteet partioms of the basted zone. 

Ttae, the pnwt pxoooas seam to indnoe the roving of a zone 
of k«iT39eDp-iymly*iog temperatures thret^h tha oil shale 
imnaoiactely behind a zona of Jj0cali2ed tnactazuiq in ufaich tha 
fxacturea are, or soon becaz*, talrontal fracturaa, 3i» heating 
and fracturing tcraa seen to undergo a, sobetantially unjufeoa, 
horizontal, radial expansion through tha oil shale* until tha rmv 
of fracturing reaches a location (snob aft tha borehola of a 
production t^h) fron vilicfa, the oil shale Eyrolyaie products arw 
withdrawn. 

In addition, npnlira ntg lave discovered that, at least wfaarn 
the ovecbunten pressure ia semll* tha zona of pennrabillty that is 
crated between adjacent walla retains a significantly high cegree 
of pcxseability after the tacnntione have cooled, Tttm it appears 
that/ owan if the uvetUurdBn preswrr» is hig h, an a$c4ication of 
tha present process ia capable of f cooing a weJa-iirtarccnnectiag 
zono In which tha permeability renrina fci^b or can be readily 
restored by an injection of fluid after aane or all of tha hear, has 
dissipated* And/ the eagre* and location of that permeability can 
be controlled by controlling the rata of removing ftot the 

producing walla. 

The data obtaiced by ina&tiuranenta in field teste of the type 
described above ware inclusive oft the thermal conductivity of the 
oil shale rarjoatdnrv, the amount at oil r*oou&rahla> by Fischer 
analysis at varioue depths within heated intervals of the oil shale 
batbxe and af tar hwcting, the msasuraoedt of the aooont of 
pymlysis product* recoMarad, and bhe like. Wiile no ooonmicetion 
Qxiiftad LeU e oii beet injectors and prcdooare at teat start-up, 
izrjccticna at the end of the test dwwoaUa ted that praaoble 
channolJ had fomed* But results of standard engineering 
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oolcuJ&tiona were LxHcatJ.w of the applicability of a of 
tha type c^scrUx-d abov* to the results obtained by the teats*. 

Pigore 5 is a <3Uttph of PiacSw A»£*y yields, from tha tarqnt 
zone in the f i eld test, as a function of d*pth CU Ifce ttcatud 
3 interval e*tandad frcai 4.2 to 6 »k Um solid curve shew tie yields 
hHfore the heating tiwatwnt and the. dotted curve t*o*n the yieldo 
aftftr retorting was caeplfltad. yields bafdra and aftar were 
owsentiolly the sane outaide tha bsatad interval. The icasurfttnarts 
were a&dct oa coma from the centre of tha pattern before beating 
iu arxi on cores about 13 en away after heating. Tha variations which 
arm apparent in those, yields are within the ooroal Units of 
accuracy for tha raaauring of such values* 

Nit-run tha haotad interval tho Fiaefcar Assay yieid drops frco 
on average of 20 gaHcna/tan- before the t*st to less than 2 
IS galloos/ton af&er heating. Tha ratarting efficiency within tha 
ptrocesfi ecna win thue better than <Wt of ttecher Assay. 

The pattern and extent of vho raeovary cnnftnim the fact that 
little oil teas lost owr the producing fcoxizoa t hr o ugh vertical 
fracture*. In addition, the nniroroity In retorting afficiarey 
20 through tha heated zone, Indicates that therxal fronts ware 
appraxixtttely uniforn over cost of tha haetad interval* 

The uniformity of tha tharml fronts is even mora apparent in 
Figarea 6 and 7. They show harirontal and vertical tespexaturc 
profiles oaloulatad fox- a mt of vertical banters in a five-*pot 
2 r j square pattom. fha sat uaad in the calculations included roar heat 
injortor* and one centra prodnoar (rot Ahem, but centered batween 
the bctttora atom on tha figures) . Each heater uaa wwipri to be 
24 id long and heated at the rata of 814 W/bl 

'Hie prof I Ira la Tigurn 6 (graph* of teoporatura variationa 
30 *ith distances frcm the hcatarai vara calculated along a horizontal 
sugxont Xjl 3 tddch extanda through the add-poiata of haatara at 
nppoelce coaare of tha square* Figure 7 ia a BJailar graph of 
profiles along a vertical ewgrant 1^1^ on the axis of fiytarajfcry of 
tha p att arn* 

33 9uch calculation* indicate that by tha tin* retorting 
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tcajMratura (275-325 °C) art reached at the oeure of the patto, 
□ore than 87* of i*a vnlim hae boco cunvertud while only about Ut 
of tbe cortvorted voluau was heated to more than 325 *C FUrthonnaWi 
the calculations irdic&te that if tbe power is turned off or 
H reduaed before t*e oontre reacbaa a tarcjRt tefpcratuie such as 

325 *C, tha 3evelling off of tba thamgil fnonUa will still halt the 
centre o£ tha pattern to retorting taqparatureg and will also 
refluce tha tsa^ttzztm ri» at the hooter*. Una ooca of operation 
nan. ensure that loss than 10% of tha haaeea volu» is boated to 
10 nc£0 than 325 °C. and ttes cao ir>fcranaa tha thermal exflcicncy of 
tte process. 

In view of tha above taat smalts and tho otilcalationa haned 
on those r<£SQlto* it rt pp &av a that* coutxa to tbo prior teachings 
•and beliafa, tha initial in^nfrmanhility of an oil shale deposit can 

13 ba utilised oa an advantage. THao Initial i nyaxnniMli ty canfija* 
tbe fluids and fractnree %dt±\in the wsll pattern, ainca oo 
parneaoUity exists until tha sons betiieen the beftt-lnjfictio^ and 
flaid-prcducizig wils becane permeated fay a ye Llem of heat-ljsduood 
horizontal £nicto£89» 

20 In tha piessut pocce-ej, the rate at which heart is transmitted 

into the oil shale deposit ia ■tronoly affected by the tcR^orsxtoxo 
gradient between a heat-injecting wall and the surrounding earth 
forautioa. In a preferred prcoedam, tha det**»inatJcfia of 
variations ffith depth in tha aotpositian and r*opertfj&s of tha oil 

23 ahala deposit include a dotoxnlnatioo of the pattern of heat 

conductivity vitfc depth within the earth fcsxuttlCBS adjacent, to the 
heat-injecting wU. Based on such dataitiinstiacxa the te m p era t u re s 
to vSiich at least one heat-injecting veil is heated are unai i ge d to 
ba relatively high ax the depths at which tha hast conductivities 

3D of tha adjacent earth reangtiens arc relatively low* Thia tends to 
cause the rate at tfeich heat is transmitted Ihra^n the earth 
Serrations to be sifcstactlally anifoxn along the axis of tha 
haat^tn^ecting well, num pnrvwjtniw* can be TJtilized in order to 
provide higher temperatures in portions of heat injecting wells 

35 adjacent to earth forxetions of relatively low heat conductivity • 



For exanple, la wells vblch are being heated by electrical 
resistances, Additional resistant elements can be ponitioned at 
the location at which extra heating is required, preferably with 
precautions being taken to avoid the creation of "run-away hot- 
-pots" due to Increasing teaparature further iBcreasiag the 
resistance and thus further increasing the tie at J 119, for axample, 
as deecrlbed in the coanooly assigned* Canadian patent application 
Serial No. 495,854 Iliad tioveaber 21, 1985 f by P. VaoHeuxs end 

10 C.F. Vao Rgmond. In valla being heated by combustion, no re, or 
larwer, or mora heavily fired, burner elements can ba positioned 
in such locations* 

Suitable determinations of compositions and properties 
of the minerals and/or organic components of an oil ahale deposit 
and the variation a with depth in such properties can be made by 
mesne of fcnovn well logging, reservoir sampling, and tha lifce 
analytical procedures. The determinations can utilize previously 
maaaured geophysical or geocnemical data or laboratory or core 
analyses, etc. For exaaple, tbe variations with depth in the heat 

70 conductivity of the adjacent formations can be determined by 

calculations based on tha kinds and amounts of materials present, 
and; or by thermal conductivity lodging measurenents, etc. 08 
Patent Bo, 3,807,227 describes a logging tool containing a 
constant, output beat source and three teaperature sensors for 
obtaining a log of relative thermal conductivity with depth. PS 
Patent ire. 3,892 , 128 describes lodging cased or open boreholes for 
temperature, specific beat and thermal conductivity, enploylng a 
constant output heat source and three temperature sensors. U9 
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•20a- 63293-2743 
Patent NO. 3,864,989 deactibes a logger for making station 
meaeureaenta of tbecwal conductivity by beating a formation for a 
tine tften aeaauring tbe rate at which the temperature decaye back 
to tee aubteot teaperatura. Ufi Patent So. 3,9*1.1*7 describes 
logging tberaal conductivity of a cased veil by measuring the 
tenperature of the casing vail before and after paining a heatod 
probe along ttxe vail. 

Aa indicated above f even with respect to a five-spot 
pattero In vfalca a single fluid- producing well lo surrounded by 
four beat-lnjectlag veils, eubatantlelly all of tbe intervening 
oil 
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shale cat be both retorted and nod* panraabla. However, the* present 
invention ist preferably coploycd Iji a surius at ctrrfcujems saven- 
or ttiixtecD^spob patterns — in Githar of Which patterns 
(particularly in the thirteeav-^ot pattern) the retorting rata in 
5 eignificsmtly increasad by having each t J^uid-pjMrtuwlng well 
surrounded by six ex twelve heat- injecting wills. 

Ilie veils used in the present process cud he asFpiatad by 
mibataatiallv any Tnathnd for c^]3irjg a borehole Into and/or 
upming a prsreri at iny borehole into fluid ocranmication with the 

10 subterranean oil shale lonootion to be u&«td as an oil tftala 

treatment interval. In addition to having the opacified obsara* of 
jiignificnnt anrjnnts of nribila water, tttfekness, and grade of oil 
shale, the interval to *hlch the u i .tueuil ^ ugw is applied should 
be capable oi confining fluid at least mil ml ht i H al ly within the 

13 txeatraent intervals at least in respect to allowing no significant 
leakage into overlying locations when the pressure of tho fluid 
reaches pico a im pressure r and fractures the formation within the 
tre aU ae n t interval. Use boreholes of walls rmp} ated for una in Che 
present process should bo substantially pnvallal and separated by 

20 sabatantiaJly equal distancee of at least about 6 jo. Ooxehole 

sspoxatiun distaooatt batMsen injectors and prgdncszs of treat about 
9 to 30 m are particularly suitable Boreholes free of devi&tiona 
from parallel. Which cause variations of more than about 20 per cent 
of tho wall distances are* partiiailarly suitable. 

23 m the fceat-XnjecWng wUs used in tine present process, the 

r*wn+ or ctfaanb-lika flaterial uhich is used to seal along tho face 
of the oil sheJa fibratticn is preferably relatively heat^cendnctive 
and substantially fl aid- Jbssarxeable , Particularly preferred cerents 
are stable at tscsperatnrefl of at least about 300 *C, hava a 

» relatively hi* thftmnl conductivities, relatively low parasefcllity, 
littlo or no shrinkage, an adequate ease of payability and good 
chredcal resistance, etc. The perneabmty and disposition of the 
sealing material should provide a eeal capable of preventing any 
significant aecunt of fluid flow bebwwn the interior of the 

13 toreJole and ths face of the oil shale fbnaatioD, so that the 



Lranafar of heat; frcsn the uuil to the formntven ia subntanrially 
HdtimJy hy crrrtuction. f&czc porticos of thai hcat-in^actlng wall 
borfchola ar«r ii^ectivaJy increased in dias»tcr near upper and lowar 
cxtrcaitltfft of tfau LmatugjiL interval, for example/ 1>y under- 
S reswiivg, the diaaatera of th» increaaad portions are preferably at 
least about 110% of the nominal borahola diameter. Calcium 
alunirate -b opded concretes and/or caananta containing aiuraina- 
silicate aggregates (ox fine particles) axe particularly suihablo 
Tor use as such fox&otian fcxa*-* sealing rateriaAiu fcoopJe* of 

10 suitable osnmts and cttncretaa include. tte*» described in as 
Intents such as 3,379,232; 3,507,332 art 3,595 f 642. 

Figure 8 show* a portion of a hcat-injocting vxuM borfchol*, 
borehola 1 , which ia suitable fox use in the present Invention and 
is located within a trootaont interval of subterranean oil shale 

15 deposit, ftaieftolc 1 ocotaina wnla.rgwd partiens, uich aa port iota 2 
and 3, which can be tonted by conventional procedures such as 
undorroa»ir>g daring drilling/ etc. & casing A is shewn positioned 
wichin the borehola and uaianljuJ into placa with a fluid- 
i&penneahlo, hoat-ccQdjeti^a Material, each a* gbzbiL 

20 Within each enlarged borehole portion, tho casing 4 ia 

equipped vith at least ana bsat-cendoctive metal eleneet, socb aa 
collar 6, oontairJng radially •xfaanaiv* alenfenta or portions, such 
as flexible metal markers 7. soch hcatroandtotivo materials torn 
relatively highly conductive paths finr conducting heat frcro within 

25 the?, interior of a borehole to substantially the wail of an enlarged 
portion of the hareholA. Examples of suitable heat-conductive netal 
element* inrlrrta cavtal wall acratchera, tortanlanoa iretoerSr 
oentcalisers and the lite each aa a oaranar-Lok ftnfccbooder, or 
Boltlok Tujdboboncar, available from Bakerlin* division of Baker QU 

J0 tools cor a 101 Bar S ocntraJJUur available fron tatalap* Oil Tool 
atvi Manufacturing Company/ etc. 

With an arangavent of the type shorn in Kigore 9, at' least to 
aoi» detent, the front of beat transmitted eaey from a heefe- 
iujeeting well can be soda nora irrifhra along a vertical line 

J5 tiworsing a layer of relatively low heat conductivity without tha 
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naoeaeicy of maintaining a higpKir tenperatux* in the pnrt4.cn of the 
%cU odjocant to that layer, tfhan a uniiona tu*?utsxbjr« is 
mental nsrt within the Interior of the corenola, the earth fhnnsti.cn 
face along uuch an enlarged portion of the borcholo bcocmes baotad 
bo substantially tho sac tmpaevtarm as t±tm forroUcn fans along 
narrower portions of tie borehole, sine* tta face of the formation 
adjoining the borehole is heated to the highest tenferatare of any 
portion in tha fozaation, tba toa^cxaturc gradient axtmdinj 
radially away froa the enlarged portion of the baro-hola ia shifted 
radially away £rm the. borehuJ*. 

Tn general, the hwtrlrq of tha interior of tha haat-inj«ctina; 
w«ll cod be eccceplished by substantially any typ» of tawting 
device, ouch aa coobuaticn «nd/or electrical type of heating 
oLemexits, or tha like, The beating element stoold extend 
substantially throughout tte tmuuu i il interval (preferably 
throughout at Ifwat about 90 per cent of that ilrtyrval) . Hhase a 
oaTtxwt.lfn type hpmtf ng element is used* a gas- fired heater la 
preferred. Tha fbel and oxidants a coqtaetioo heater Jsucfa aa 
cnathane and oxygen) aro preferably supplied trou^i separate 
conduita le&dina; through a heat exchanger in *hijofa the iooacdng 
fluids are heated by the outflowing ccrtmsrion products, Tbo burner 
housing and fluid conduits of a coatuBtion heater are preferably 
installed within a wall conduit vfclch is aumwdad by an annular 
apace that ia filled by the cedent tor flftaltng the face of the oil 
shala. aanarally suitable type* of ou u UmH gi heaters which could 
be arranged for use in the present prooeaa are dften-iVwl in us 
Potanta aoch aa 7,G7Q,BQ2> 2,780,430 and 2,*»,270. 

pj\ electrical resistance boater la particularly suitable tor 
heatuxr tha intexior of a heat-injecting well in tbe present 
process. A plurality of resistance elaftents are preferably dhkS. 
Tha miatanoa elaraante can be Bounted within or external to an 
internal conduit or cod, or tdaply exte nd ed into the borehole, vtoan 
tbe resistance* ore external to, or are free of m supporting 
alexttnt, such aa a conduit or rod, thay axe prsfarebly embedded in 
the count which seals the face of the oil anal* along the 



trcottfiat interval, Generally suitablo types of electrical feature 
which cculd be arranged for oaa 5n the present ycocecc ar» 
described in US Patents such a* 2 ,472 f 445 r 2,4M,Q63, 2,670,803> 
2,732,19S and 2,9S4,826. 
* in vari.ow reeervoix sifcaatfona, Qortiooa of on ail shalA 

dcy nm t which would, in gwtr&l, he suitable for use ax a treatseot 
interval, st» daacnSheH 1a cur parent app)j cat&on, any bo p&rattitsd 
by natural fractures and/or plaraa of weaXnese. Ouch relatively 
wit racks may undergo relatively long extansiariB of vertical 

10 fractura* when pressurised flulda teing rtiity>1nna;l <atoy firm an 

injection wall oova Into ttaa. Tbie wry result in extending fluid 
passageways beyond t)» openinga into production *mV* mVor into 
adjacent aquifuxB capable of censing an Inflow of tartar to an 
extant ctetriaHntai to the oil recovery process. 

J 5 We- bavo now diuuevecad that each pseoature fracture e*uereriais 

can be avoided by drilling and limiti ng • guard mUs" within such 
relatively weak oil shalo zonae in location* gorrrnMvHno; a pattern 
of hoot injecting and fluid producing Hells and/or Id loranfinna 
intcrndttent batwari a heat injecting or fluid producing well add 

20 an adjacont aguifiar. Such guard valla axa used for confactively 
Heating Che adjoining taaaatlatm eubatantially throughout the oil 
nhale interval bo be U e ated tx> a tcaperatuze which ia too lev to 
gasify significant proportion* of tha oil shale organic cccr^nents 
but is high enough to c&Ufi* a significant thermal ajpantrinii of the 

23 xocke* Mum tho#w roefcs axe heated the natural fractured oca kept 
closed and tha fracturing oaoaad by the approaching pre ssuri zed 
flnida (displaced away from )x*t- injecting walla) tanda to be 
lirtitort to horizontal fiauLuiea concaatratad along th* aidaa naaieat 
to tha heat-injecting wells, ttttro fluid producing valla are 

30 located substantially hwtwaan tba baa*^ injecting valla and the ~ 
guard wlls, tha .fractures arc nrttfiarentially attended iato thnaa 
wells, where the high fluid pressures are quickly reduced by tba 
production of tha inflowing fluid. 

Hm ercoantexing of each relatively weak reservoir uocte is 

35 apt to ba indicated by on inflow of water into «e>I la drfJ lad into 
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such tocka, uj goaral, tho natural ffcactaren tyraiting * rsl*ttv& 
wwtoiew and/or water inflow can be theaaftlly closed by a 
mlatiuriy mild b»«tirtj f a* long a* tho fracture porosity in ocrt 
fflore than afcout 5 par cent* 
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L. In a pxooass in which oil ia pxodncad fim a subterranean oil 
•«ha±» deposit by extending at luaat one each of heat-injecting *r*l 
flnid-prcdacing nadle into the deposit, establishing a heat- 
conductive} fluio>ii*pecniBZK>l8 barrier between the Ulterior of each 
heat-injecting wll and the adjacent depoait, and than halting cto 
.Intedor ot each heat-JJriJectiog w*H at a taxparatm aufticiant to 
cxMuctiuely bswt oil shale fcerogea and causa pyrolysia products to 
font £caotut«B within t)w oil shale deposit through \eMch the 
pywlysia products arc displaced into at laaat one production wall, 
an iuprcvwnent Cor cnherirrlnc/' the < m i fi'H inlty of tha haat £ti cita 
roovin? through the oil ahale deposit, «hicb cmpriarat 

dBtmnimng variations with depth in tha cu^ualtjon and 
properties of the oil ahala deposit? 
conflating said haatr-injecting and fhrtil - px o dnning «ell* 
selectively Into a tre atmant fxttarval of oil ahala in which 
tha oil stade deposit (aj is at least about 30 m thick, (b) is 
substantially iapaiaaabla and few ot raobUbe tsitser, (c) has a 
ooapoaitlon and thl£kn&** such that tba yroduut of tha average 
Fischer Asnvy grade tines ths thickness of the treatment 
interval is at laaat about 900, and (d) thereby contains 
components capable of interacting in a sanaar enhancing tba 
unifomdty of a front of con&ctlvoly transmitted heat, with 
said walla being ai ' iauyad ao that, at laaat substantially 
chrcoghTwt said treatment interval, tha wail boreholes are 
substantially parallel and at* aepun i l a d by atfaatantiolly 
eguaX dxstauoeB of at least about 6 ou^ and 
within, tfaa interior of each hsetpinjecting vail nsrintatning an 
a'Auvwji i—^uii iTrm «hich r eolectivaly along raid treatment 
intoxvaXr is at least about 600 *C, hot is not high enough to 
thenaliy damge otyi i umtt within tho well, whila teat is 
being txansniwed away fron the veil at a rate not &l?ii- 
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ficently fastar than that permitted by tha thexml aon- 
ctetivitdjes of the earth ftamtitiona adjau^it to the baatsi 
interval within the well. 

2. The prooeae of claua ] in which, to the extent required to 
keep the- rate «rt which hat is trsnearitted Ui r cuuh the oil stale 
deposit afcstaotlAlly unt hyna along th^ okba at the heated interval 
of the heat-injecting vail, the taaperatura at which at 

leawt one hent^injecting well is heated la relatively 'otcjher at 
depth* adjacent to pactions of lbs oil shale deposit in which the 
boat conductivities are relatively lower. 

3. It* pcooess of claia 1 in which the rate of heating the 
ioterinr of at least one Tteatrinjcctisg well is varied to an extent 
cauaing an effective levelling off of Che CharjBeJ. front eo that Che 
rata of advance through the oil shale of the th&cml tront in 
ccndBoed at otetattially the szoa rata uhila the rata of increase 
of the teepexaouT* within the borehole la si^pif Icantly xodnoed. 

4. fee proses* of dein 1 in which the heat-in Jastiwg and 
fluidrpcoaucijig veils are arranged in a aariea of contiauaua 
patterns io which each fluid-producing veil is an r routed by at 
leest four heat- injecting wells. 

3* The utuMee of dai» 4 io which each fluio^codiicing v»H is 
sorroortded hy bwah/v lemt injecting welle* 
6» The process of claiJQ 1 in fcblcb the oil ahalo grade is at 
ieeet about 20 gallons per ton and the grader-thictoess product is* 
&t leeet about 4500, 

7. The process of claim l r coqprialng the atope of 

in each heat-injecting well , a ^Leiili eJJy thveogboort the 
tre ata e nt interval, eoaling the faoo of the oil ahala tenoation 
with a eolid sntMriel which ia relatively heet-coodnscive end 
substantially fluid liyemaahlai 

in at least one heatrirrjectrtng veil incrTvaing the effective 
di^ntter of the borehole in at leeet one portion of the treatment 
interval end aorbeodifig at least one Uaat - nj e uJu ctive ratal elesent 
£idcb within the Interior of the borehole to n&ax the face of the 
30-cnlaiTjed portdCD of the borehole? m and 

in oaoh lluld-produoing well, afrsfcantially throughout the 
treatxeart interval establishing fluid ccowttcaticn b e tw e en the 
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wli bore and the oil shade fonintlcn and arranging cha welL tor 
pralucinq fluid froa the oil shale forxatioo. 

B » Tha pi ouema of daia 7 in *<hich tt» vstaxdai saalin? tha feo» 
of thee oil shale faraation along &m barabole o£ a bart-injucklag 
5 veil is a oemattt arTTmgwi to fill substantially all of the space 
betwwn the outorrost jaa^allic olccKnta vzlthls the j"H> f ^ f 0 f the 
horehol© and the face of the oil snaJe fbonablcn, «lch said oamemt 
having a thanwl awdkictivity at ]©wt RvfcwtHPt tally aa high a» 
that of tfco oil chela form&tiod, 

EO 9. The process of claim L in uftich at least era well located cear 
ao edge of a pattern oi heat-injecting ana nuid-^roducing walla is 
extended substrctially throughout tl» txMtzwnt interval and horted 
at a barparature hi£i vftJcgh to causa o -HmrrtHi Bearding and/or 
compressive stressing of thaadjaoant aarth Carnations bat low 

15 enough to avoid significant tharaal ficbili*etioa of organic 
axyjimnt.fi of ths oil ahals. 

10. The process of claia 9 in which at least one to heated well la 
subsequently boated at about t±e t iis yrirafi i r e selected for the 
Keating of the haat-injectiDg wells being employed. 
20 11* process of claim 1 in which the vail hnrafriles of amid 
haat-inj^tim and fluid pmrirnng walla ore asperated by 
&utotantially equal distances of about 9 to 30 m. 
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shala oil is subsequent!/ p r c tfa uofl fecm a gifc Oor r ang ap 
interval of oil stela, t&exe the intaxval is initially 
substantially intmnsaMe and contains a apadUCied gcada ana. 
thickness o* oil shala. Said interval la condpctt^ly heatad fran 
bsmfaol* ijrteriora t&icb are Kept hotter tfcao abcot 600 *c and are 
bcatod at a rate such that kerogsn pyrolysis projects fcraed w.thin 
th^ oriJ, shaia create and flat +-H»*»fffjh faorixcDtal fcactasaa Which 
subaaquaatly beocno c ata ode d Into xTuldrpeccfoclrjg veils tint are 
positioned la specif \mft locations* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



la REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




